Abstract The axillary reverse mapping (ARM) technique has been described as an attempt to map and preserve the upper extremity lymphatic drainage during axillary lymph node dissection (ALND) and/or SLNB. This technique is based on the hypothesis that the lymphatic pathway from the upper extremity is not involved by metastasis from primary breast cancer. The ARM node/s however, has been found, in various studies, to be involved with metastatic foci in patients with extensive axillary lymph node metastases. Therefore, the oncological safety of this procedure has not yet been determined. In this pilot study, we assessed the ARM node intraoperatively for various parameters and compared it to final HPR, to try and determine the oncologic safety of preserving the ARM node. Seventy-two breast cancer patients were screened for this prospective pilot study which was planned to recruit 20 patients. The study was initiated on May 2014, 20 patients were recruited till July 2015. Eligibility criterion was as follows: patients requiring primary axillary lymph node dissection based on a clinically positive axilla. Forty-five patients were ineligible because they had either received neoadjuvant chemotherapy or underwent previous axillary surgery or axillary radiation (exclusion criteria). Seven patients refused to give consent. ARM node identification rate was 75%. The most common location of the ARM node was lateral to the latissimus dorsi pedicle (42.10%), none of them being malignant. None of the oval or firm nodes were malignant. Tumor deposits were identified in 13%. Fine-needle aspiration cytology (FNAC) had 100% specificity, 94.4% negative predictive value, 100% positive predictive value, and 50% sensitivity. ARM is feasible using blue dye alone, with an acceptable identification rate. Location, consistency, and intraoperative FNAC of the ARM node, put together, may be reliable parameters to predict involvement of the ARM node with metastasis.
Introduction
Axillary lymph node dissection (ALND) is the standard surgical treatment for breast cancer patients with clinically or pathologically involved axillary lymph nodes. Morbidity associated with ALND is significant, including lymphedema, neuropathy, and axillary seroma formation [1] . In particular, upper extremity (UE) lymphedema develops in 7-77% of patients who undergo ALND [2] [3] [4] [5] . Several trials have shown lymphedema rates of approximately 7% even with sentinel lymph node biopsy alone [6, 7] .
This lymphedema is believed to arise secondary to obstruction of upper limb lymphatics following axillary surgery.
Recently, the axillary reverse mapping (ARM) technique has been described as an attempt to map and preserve the UE lymphatic drainage during ALND and/or sentinel lymph node biopsy (SLNB) [8, 9] . This technique is based on the hypothesis that the lymphatic pathway from the UE is not involved by metastasis from primary breast cancer. The assumption is that the lymphatic drainage from the UE is different from that of the breast. The ARM technique allows safe removal of only the lymphatics of the breast and protects the lymphatic channels draining the UE during ALND or SLNB, thereby preventing lymphedema. However, several studies have shown that there are limits to the principle of nonoverlap between the breast and UE nodes. Specific concerns include (a) the ARM nodes may be involved with metastatic foci in patients with extensive axillary lymph node metastases [10] [11] [12] [13] [14] and (b) the SLN draining the breast may be the same as the ARM node draining the UE in some patients [11, [15] [16] [17] [18] . Therefore, the oncological safety of this procedure has not yet been determined.
To our knowledge, there are limited reports on methods to assess the oncologic safety of preserving the ARM nodes during axillary lymph node mapping. We assessed the ARM node intraoperatively for its site, size, location, consistency, and perinodal adhesions. We also performed an intraoperative fine-needle aspiration cytology (FNAC) of the ARM node before harvesting it and sending it for histopathological examination. Comparison of the surgeon's description of the node and intraoperative FNAC, with that of the final histopathological report, forms the basis of this study.
Materials and Methods
Seventy-two breast cancer patients were screened for this prospective pilot study which was planned to recruit 20 patients. The study was initiated on May 2014, 20 patients were recruited till July 2015. Eligibility criterion was as follows: patients requiring primary axillary lymph node dissection based on a clinically positive axilla. Forty-five patients were ineligible because they had either received neoadjuvant chemotherapy or underwent previous axillary surgery or axillary radiation (exclusion criteria). Seven patients refused to give consent. The study was approved by our Institutional Ethics Committee of and was funded by St. John's Research Institute, a nonprofit funding body. Written informed consent was obtained from all patients that participated in the study.
Study protocol is shown in Fig. 1 .
Results
Among the 20 patients enrolled in the study, the most common stage of breast cancer was T2N1 (11/20) and the most common location of the primary was in the upper outer quadrant (10/20). The ARM node was identified in 15/20 patients (75% identification rate), with the mean ARM node per patient being 1.26 (19 nodes in 15 patients). The smallest and the largest node (along the short and long axes) were 1 × 0.5 and 3 × 1.5 cm, respectively. The operating surgeon described the shape of the ARM node as oval (16/19) or round (3/19). None of the nodes described as oval were malignant and two of the three round nodes turned out to be malignant (Fig. 2) . Consistency of the ARM node was described by the operating surgeon as either firm (11/19), soft (6/19), or hard (2/19). None of the firm nodes were malignant. Of the two hard nodes, one had malignancy and of the six soft nodes, one had malignancy (Fig. 3) . Three of the 19 identified ARM nodes were described by the operating surgeon, as having perinodal adhesions, but none of them were malignant on final histopathology. The most common position of the ARM node was lateral to the latissimus dorsi (LD) pedicle (8/19 42%). None of the nodes lateral to the LD pedicle had malignancy whereas one of the five nodes situated on the pedicle and one of the six nodes situated medial to the pedicle had malignancy (Fig. 4) . Tumor deposits were identified in 2/15 patients (13%) and both were associated with extensive axillary LN metastasis (pN2 and pN3).
The most common complication of injecting methylene blue was pain at the site of injection with the maximum pain score being 2/10 on the visual analog scale. The duration of pain varied from 2 days to 2 weeks. The other complications being cellulitis 1, induration at site of injection 2, itching 2, and skin discoloration 4 (Fig. 5) .
FNAC had a specificity of 100%, sensitivity of 50%, NPV of 94.4%, and a PPV of 100%.
Discussion
The concept of ARM was developed to map the upper limb draining lymphatics and lymph nodes with the help of blue dye and/or radioisotope colloid and then created the road map for preservation of these lymphatics and lymph nodes. Since lymphedema following ALND is believed to be caused as a result of removal of these lymphatics and lymph nodes, therefore by identifying and preserving these lymph nodes, the surgeons should be able to reduce lymphedema. However, little data is available regarding the oncological safety of preserving these ARM nodes. Noguchi et al. [1] had demonstrated the presence of metastasis in the ARM nodes. Therefore, in our study, we attempted to identify clinical and pathological criteria that could identify metastasis in the lymph nodes during the upper extremity using blue dye alone.
In our study, we found the ARM node identification rate of 75%. This is very similar to the identification rates of Nos C et al. [8] 71%, Thompson et al. [9] 61%, and Ponzone et al. [14] 50%. We found the risk of metastasis in the ARM nodes to be 13%. This is again similar to many published data like that of Nos et al. [8] 14%, Kang SH et al. [11] 8.9%, and Ponzone et al. [14] 11%. We found the most common location of the ARM node to be lateral in relation to the LD pedicle (42%).
None of the nodes situated lateral to the LD pedicle have metastasis. However, we found metastasis in one of the six nodes situated medial to the pedicle and one of the five nodes situated over the pedicle. This description of the location of the ARM nodes in relation to the LD pedicle and risk of metastasis are unique to our study. We have not found any other study trying to describe these aspects. Also, we found that the rounded shape of the node (as described by the surgeon) predicted metastasis, as two of the three nodes described as round in our study had metastasis, whereas all the nodes described as oval were free of metastasis. However, the size of the lymph node in our study was not a good predictor of metastasis because nodes as small as 1 × 0.5 cm were found to be positive for metastasis, whereas nodes as large as 2.5 cm were found to be normal. Also, the consistency, as described by us at the time of surgery, was not a good predictor. Therefore, one of the positive ARM nodes was actually described as soft. Therefore, when size, shape, and consistency were taken into account, we found shape to be a better predictor of the risk of metastasis than size and consistency. We could not find any other study which had specifically looked into size, shape, and consistency of the ARM nodes as a predictive risk factor.
We used intraoperative FNAC to predict the risk of metastasis. FNAC was found to have 50% sensitivity only. That is, one of the two ARM nodes with metastasis was missed by FNAC. However, specificity of FNAC was 100% and the negative predictive value of intraoperative FNAC was 94.4%. In our review of literature, we could not find any other study which utilized intraoperative FNAC to predict the risk of metastasis in ARM nodes. Therefore, we do not have data to compare this.
Conclusion
ARM is feasible using blue dye alone, with an acceptable identification rate. Location, consistency, and intraoperative FNAC of the ARM node, put together, may be reliable parameters to predict involvement of ARM node with metastasis. One can consider sparing the ARM node which is & lateral to the LD pedicle, & oval in shape, and & intraoperative FNAC is benign.
When any one of the above parameters is not met, the oncologic safety of leaving behind the ARM node is yet to be established.
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